Abstract
Introduction
During the last few years wireless multimedia networks have been a very active research area [1, 2] . The QoS support for future wireless networks is a very important problem. To guarantee the QoS, a good handover strategy is needed in order to balance the call blocking and call dropping for providing the required QoS [3, 4] . In the future, the wireless networks will adopt a micro/pico cellular architecture. However, smaller cell size naturally increases the number of handoffs a Mobile Station (MS) is expected to make [5, 6] .
Many metrics have been used to support handover decisions, including Received Signal Strength (RSS), Signal to Interference Ratio (SIR), distance between the mobile and BS, traffic load, and mobile velocity, where RSS is the most commonly used one. The conventional handover decision compares the RSS from the serving BS with that from one of the target BSs, using a constant handover threshold value (handover margin). However, the fluctuations of signal strength associated with shadow fading cause the pingpong effect [7] .
Many investigations have addressed handover algorithms for cellular communication systems. However, it is essentially complex to make handover decision considering multiple criteria. Sometimes, the trade-off of some criteria should be considered. Therefore, heuristic approaches based on Neural Networks (NN), Genetic Algorithms (GA) and Fuzzy Logic (FL) can prove to be efficient for wireless networks [8, 9, 10, 11] . In [10] , a multi-criteria handover algorithm for next generation tactical communication systems is introduced. The handover metrics are: RSS from current and candidate base transceivers, ratio of used soft capacity to the total soft capacity of base transceivers, the relative directions and speeds of the base transceivers and the mobile node. In [11] , a handover algorithm is proposed to support vertical handover between heterogeneous networks. This is achieved by incorporating the mobile IP principles in combination with FL concepts utilizing different handover parameters.
In this paper, in different from other works we use Random Walk (RW) model and FL to design a new handover system, which is able to avoid ping-pong effect and has a good handover decision. The structure of this paper is as follows. In Section 2, we present the handover decision problem. In Section 3, we give a brief introduction of RW model. In Section 4, we introduce the proposed system. In Section 5, we discuss the simulation results. Finally, some conclusions are given in Section 6.
Handover Decision Problem
Handoffs which are consistently both accurate and timely can result in higher capacity and better overall link quality than what is available with today systems [12, 13] . Now with increasing demands for more system capacity, there is a trend toward smaller cells, also known as microcells. Handoffs are more critical in systems with smaller cells, because for a given average user speed, handoff rates tend to be inversely proportional to cell size [5] .
The main objectives of handover are link quality maintenance, interference reduction and keeping the number of handoffs low. Also, a handover algorithm should initiate a handoff if and only if the handoff is necessary. The accuracy of a handover algorithm is based on how the algorithm initiates the handover process. The timing of the handoff initiation is also important. There can be deleterious effects on link quality and interference if the initiation is too early or too late. A timely handover algorithm is one which initiates handoffs neither too early nor too late.
Because of large-scale and small-scale fades are frequently encountered in mobile environment, it is very difficult for handover algorithm to make an accurate and timely decision. Handover algorithms operating in real time have to make decisions without the luxury of repeated uncorrelated measurements or the future signal strength information. It should be noted that some of handover criteria information can be inherently imprecise, or the precise information is difficult to obtain. For this reason, we propose a FL-based approach, which can operate with imprecision data and can model nonlinear functions with arbitrary complexity.
RW Model
The Monte Carlo (MC) method is a technique that uses random numbers and probability to solve problems. It is often used when the model is complex, nonlinear, or involves more than just a couple uncertain parameters. The MC method can be used for analyzing uncertainty propagation, where the goal is to determine how random variation, lack of knowledge, or error affects the sensitivity, performance, or reliability of the system that is being modeled. MC simulation is categorized as a sampling method because the inputs are randomly generated from probability distributions to simulate the process of sampling from an actual population. The data generated from the simulation can be represented as probability distributions (or histograms) or converted to error bars, reliability predictions, tolerance zones, and confidence intervals.
We use the MC method for realizing RW model. We consider a 2-dimensional field. The initial position is considered as a origin point and we decided based on MC method the moving pattern for each walk. If we consider n user movements and the angle θ and distance d for each walk are generated by general or Gaussian distribution, when the movement changes in x and y directions are Δx and Δy, respectively, then we have the following relations.
The Base Station (BS) position can be expressed by Cartesian coordinates. By converting Cartesian coordinates to polar ones, we can calculate the angle θ.
We consider that in the cellular system each cell has a hexagonal shape and the BS is located in the center of the cell. The angle θ between Dipole Antenna (DA) and vector r is D(θ) = sin θ. If we consider the transmission power as W , the antenna radiation intensity can be calculated as follows:
where, the DA gain is G = 1.5 and u 0 is the unit vector that shows DA direction. In Fig. 1 u 0 is in Z direction. 
In Eq.(3), when θ = 90
• , the E value will be maximal in horizontal direction. However, in real situations, the direction of antenna is in not set 90
• in order to cover better the cell area. If we consider the beam tilting angle and the distance, the E can be calculated by the following equation.
Proposed System Model
The Fuzzy Logic Controller (FLC) is the main part of the proposed system and its basic elements are shown in Fig. 2 . They are the fuzzifier, inference engine, Fuzzy Rule Base (FRB) and defuzzifier. As shown in Fig. 3 , as membership functions we use triangular and trapezoidal membership functions because they are suitable for real-time operation [14] .
In (DMB), while the output linguistic parameter is Handover Decision (HD). The system operation is as follows. First, after receiving the control information from MS, the POTLC check the quality of the signal. If the signal strength is still good enough the handover is not carried out. If the signal strength is lower than a predefined value, then based on CSSP, SSN and DMB, the FLC decides whether the handover is necessary or not. If the handover is not necessary the control is returned to the present BS, otherwise another check of the signal strength is carried out in PRTLC and the present signal strength is compared with the previous signal strength. When the present signal strength is lower than the strength of the previous signal, the handover procedure is carried out.
The term sets of CSSP, SSN and DMB are defined respectively as: 
The output linguistic parameter T (HD) is defined as {V ery Low, Low, Little High, High} = {V L, LO, LH, HG}.
The membership functions of FLC are shown in Fig. 5 .
The FRB forms a fuzzy set of dimensions |T (CSSP )| × |T (SSN )| × |T (DM B)|, where |T (x)| is the number of terms on T (x).
The FRB is shown in Table 1 and has 64 rules. The control rules have the following form: IF "conditions" THEN "control action". 
Simulation Results
The cell shape is hexagonal and the coordinates of BSs are indicated as shown in Fig. 6 . The BS is located in the center of the cell, the transmission antenna power is 10 W, and cell radius is 2 km. In Table 2 are shown the simulation parameters.
In Fig. 7 is showing the walking pattern for a MS when iseed = 100 and nwalk = 5, while in (-1,2) . In Fig. 7 , the ping-pong effect happens, because the MS is moving in the cells boundary. While in Fig. 8 , the handover process is necessary.
In Fig. 9 , Fig. 10 and Fig. 11 are showing the received power from the BS(0,0), BS(2,-1)Cand BS(1,-2) when iseed = 200. We have also the results for iseed = 100, but for the sake of space will not show in this paper. As can be seen from Fig. 9 , when the MS is going far from the BS the received power is decreased, while when the MS is approaching neighbor BS the received power from these BSs is increased (see Fig. 10 and Fig. 11 ).
For evaluation of the proposed fuzzy-based handover system, we carried out the measurement for 3 points, where the MS is in the boundary of the 3 cells. In Fig. 12 and Fig.  13 are shown the measurement points for iseed = 100 and iseed = 200, respectively. In Fig. 12 , the handover should not be carried out, because we will have the ping-pong effect, while in Fig. 13 the handover is necessary because the MS is moving inside the neighbor cells.
In our system, we consider that the handover is carried out when the output value is bigger than 0.7. We assume that during the RW for each 10 km/h the signal strength is decreased 2 db. We carry out 10 times simulations and calculate the average values. The simulation results for iseed = 100 and iseed = 200 are shown in Table 3 and In the case when iseed = 100, the MS moves in the boundary of cells. Thus if the handover will be carried out, we will have the ping-pong effect. As shown in Table 3 , all the average values are smaller than 0.7, therefore the proposed system can avoid the ping-pong effect.
In the case when iseed = 200, the MS is moving inside the neighbor cells, so the handover should be carried out 3 times. In the results of Table 4 , the proposed system in all cases has done 3 handovers. This shows that the proposed system has a good handover decision. 
Conclusions
Many investigations have addressed handover algorithms for cellular communication systems. However, it is essentially complex to make handover decision considering multiple criteria. Sometimes, the trade-off of some criteria should be considered.
Because of large-scale and small-scale fades are frequently encountered in mobile environment, it is very difficult for handover algorithm to make an accurate and timely decision. Handover algorithms operating in real time have to make decisions without the luxury of repeated uncorrelated measurements. Some of handover criteria information can be inherently imprecise, or the precise information is difficult to obtain. For this reason, we proposed a FL-based approach, which can operate with imprecision data and can model nonlinear functions.
In this paper, we proposed a handover system using RW model and FL. The proposed system can avoid the pingpong effect and has a good handover decision.
In the future, we would like to compare the performance of the proposed system with other non-fuzzy-based handover algorithms.
